Introduction
In humid regions such as west-central Florida, evapotranspiration (ET) is estimated to be 70% of precipitation on an average annual basis (Bidlake et al. 1993; Knowles 1996; Sumner 2001) . ET is traditionally inferred from values of potential ET (PET) or reference ET (Doorenabos and Pruitt 1977) . PET data are more readily available and can be computed from either pan evaporation or from energy budget methods (Penman 1948; Thornthwaite 1948; Monteith 1965; Priestly and Taylor 1972, etc.) . The above methodology though simple, suffer from the fact that meteorological data collected in the field for PET are mostly under non-potential conditions, rendering ET estimates as erroneous (Brutsaert 1982; Sumner 2006) . Lysimeters can be used to determine ET from mass balance, however, for shallow water table environments, they are found to give erroneous readings due to air entrapment (Fayer and Hillel 1986) , as well as fluctuating water table (Yang et al. 2000) . Remote sensing techniques such as, satellite-derived feedback model and Surface Energy Balance Algorithm (SEBAL) as reviewed by Kite and Droogers (2000) and remotely sensed Normalized Difference Vegetation Index (NDVI) as used by Mo et al. (2004) are especially useful for large scale studies. However, in the case of highly heterogeneous landscapes , the resolution of ET may become problematic owing to the coarse resolution of the data (Nachabe et al. 2005 ). The energy budget or eddy correlation methodologies are also limited to computing net ET and cannot resolve ET contribution from different sources. For shallow water table environments, continuous soil moisture measurements and water table estimation have been found to accurately determine ET (Nachabe et al. 2005; Fares and Alva 2000) . Past studies, e.g., Robock et al. (2000) , Mahmood and Hubbard (2003) , and Nachabe et al. (2005) , have clearly shown that soil moisture monitoring can be successfully used to determine ET from a hydrologic balance. The approach used herein involves use of soil moisture and water table data measurements. Using point measurement of soil moisture and water table observations from an individual monitoring well ET values can be accurately determined. Additionally, if similar measurements of soil moisture content and water table are available from a set of wells along a flow transect , other components of water budgets and attempts to comprehensively resolve other components of the water budget at the study site.
The following section describes a particular configuration of the instruments, development of a methodology, and an example case study where the authors have successfully applied measurement of soil moisture and water table in the past to estimate and model ET at the study site. The authors also used the soil moisture dataset to compute actual root water uptake for two different land-covers (grassed and forested). The new methodology of estimating ET is based on an eco-hydrological framework that includes plant physiological characteristics. The new methodology is shown to provide a much better representation of the ET process with varying antecedent conditions for a given land-cover as compared to traditional hydrological models.
Study site
The study site for gathering field data and using it for ET estimation and vadose zone process modeling was located in the sub basin of Long Flat Creek, a tributary of the Alafia River, adjacent to the Tampa bay regional reservoir, in Lithia, Florida. Figure 1 shows the regional and aerial view of the site location. Two sets of monitoring well transects were installed on the west side of Long Flat Creek. One set of wells designated as PS-39, PS-40, PS-41, PS-42, and PS-43 ran from east to west while the other set consisting of two wells was roughly parallel to the stream (Long Flat Creek), running in the North South direction. The wells were designated as USF-1 and USF-3. The topography of the area slopes towards the stream with PS-43 being located at roughly the highest point for both transects. The vegetation varied from un-grazed Bahia pasture grass in the upland areas (in proximity of PS-43, USF-1, and USF-3), to alluvial wetland forest comprised of slash pine and hardwood trees near the stream. The area close to PS-42 is characterized as a mixed (grassed and forested) zone. Horizontal distance between the wells is approximately 16, 22, 96, 153 m from PS-39 to PS-43, with PS-39 being approximately 6 m from the creek. The horizontal distance between USF-1 and USF-3 was 33 m. All wells were surveyed and land surface elevations were determined with respect to National Geodetic Vertical Datum 1929 (NGVD).
The data captured from this configuration was used both for point estimation as well as transect modeling, however , for this particular chapter, only point estimation of ET and and point data set will be used to develop conceptualizations of vadose zone processes will be discussed. For details regarding transect modeling to generate water budget estimates refer to Shah (2007) .
Instrumentation
For measurement of water table at a particular location a monitoring well instrumented with submersible pressure transducer (manufactured by Instrumentation Northwest, Kirkland, WA) 0-34 kPa (0-5 psi), accurate to 0.034 kPa (0.005 psi) was installed. Adjacent to each well, an EnviroSMART ® soil moisture probe (Sentek Pty. Ltd., Adelaide, Australia) carrying eight sensors was installed (see Figure 2) . The soil moisture sensors allowed measurement of volumetric moisture content along a vertical profile at different depths from land surface. The sensors were deployed at 10, 20, 30, 50, 70, 90, 110, 150 cm from the land surface. The sensors work on the principle of frequency domain reflectometery (FDR) to convert electrical capacitance shift to volumetric water content ranging from oven dryness to saturation with a resolution of 0.1% (Buss 1993) . Default factory calibration equations were used for calibrating these sensors. Fares and Alva (2000) and Morgan et al. (1999) found no significant difference in the values of observed recorded water content from the sensors when compared with the manually measured values. Two tipping bucket and two manual rain gages were also installed to record the amount of precipitation. 
Point estimation of evapotranspiration using soil moisture data
At any given well location variation in total soil moisture on non-rainy days can be due to (a) subsurface flow from or to the one dimensional soil column (0 -155 cm below land surface) over which soil moisture is measured, and (b) evapotranspiration from this soil column. Mathematically indicates that ET depletes the TSM in the column. The subsurface flow rate can be either positive or negative. In a groundwater discharge area, the subsurface flow rate, Q, is positive because it acts to replenish the TSM in the soil column (Freeze and Cherry, 1979) . Thus, this flow rate is negative in a groundwater recharge area. Figure 3 illustrates the role of subsurface flow in replenishing or depleting total soil moisture in the column. An inherent assumption in this approach is that the deepest sensor is below the water table which allows accounting for all the soil moisture in the vadose zone. Hence, monitoring of water table is critical to make sure that the water table is shallower than the bottom most sensor. To estimate both ET and Q in Equation 1, it was important to decouple these fluxes. In this model the subsurface flow rate was estimated from the diurnal fluctuation in TSM. Assuming ET is effectively zero between midnight and 0400 h, Q can be easily calculated from Equation 3 using:
where TSM 0400h and TSM midnight are total soil moisture measured at 0400 h and midnight, respectively. The denominator in Equation 3 is 4 h, corresponding to the time difference between the two TSM measurements. The assumption of negligible ET between midnight and 0400h is not new, but was adopted in the early works of White (1932) and Meyboom (1967) in analyzing diurnal water table fluctuation. It is a reasonable assumption to make at night when sunlight is absent. Taking Q as constant for a 24h period (White 1932; Meyboom, 1967) , the ET consumption in any single day was calculated from the following equation
where TSM j is the total soil moisture at midnight on day j, and TSM j+1 is the total soil moisture 24h later (midnight the following day). Q is multiplied by 24 as the Equation 4 www.intechopen.com provides daily ET values. Figure 4 show a sample observations for 5 day period showing the evolution of TSM in a groundwater discharge and recharge area respectively. Also marked on the graphs are different quantities calculated to determine ET from the observations. Fig. 3 . Total soil moisture is estimated in two soil columns. The first is in a groundwater recharge area (pasture), and the second is in a groundwater discharge area (forested). In a groundwater discharge area, subsurface flow acts to replenish the total soil.
Equation 1
applies for dry periods only, because it does not account for the contribution of interception storage to ET on rainy days. Also, the changes in soil moisture on rainy days can occur due to other processes like infiltration, upstream runoff infiltration (as will be discussed later) etc. The results obtained from the above model were averaged based on the land cover of each well and are presented as ET values for grass or forested land cover. The values for the grassed land cover were also compared against ET values derived from pan evaporation measurements. The ET estimates from the data collected at the study site using the above methodology are shown in Figure 5 . Figure 5 shows variability in the values of ET for a period of about a year and half. It can be seen from Figure 5 that the method was successful in capturing spatial variability in the ET rates based on the changes in the land cover, as the ET rate of forested (alluvial wetland forest) land cover was found to be always higher than that of the grassland (in this case un-grazed Bahia grass). In addition to spatial variability, the method seemed to capture well the temporal variability in ET. The temporal variability for this particular analysis existed at two time scales, a short-term daily variation associated with daily changes in atmospheric conditions (e.g. local cloud cover, wind speed etc.) and a long-term, seasonal, climatic variation. The short-term variation tends to be less systematic and is demonstrated in Figure 5 by the range marks. The seasonal variation is more systematic and pronounced and is clearly captured by the method. To assess the reasonableness of the methodology, the estimated ET values for pasture were compared with ET estimated from the evaporation pan. The measured pan evaporation was multiplied by a pan coefficient for pasture to estimate ET for this vegetation cover. A monthly variable crop coefficient was adopted (Doorenbos and Pruitt, 1977) to account for changes associated with seasonal plant phenology (see Table 1 ). The consumptive water use or the crop evapotranspiration is calculated as:
where E P is the measured pan evaporation, K C is a pan coefficient for pastureland, and ET C is the estimated evapotranspiration [LT -1 ] (mm/d) by the pan evaporation method. Figure 6 compares the ET estimated by both the evaporation pan and moisture sensors for pasture. Although the two methods are fundamentally different, on average, estimated ET agreed well with an R 2 coefficient of 0.78. This supported the validity of the soil moisture methodology, which further captured the daily variability of ET ranging from a low of 0.3 mm/d to a maximum of 4.9 mm/d. The differences between the two methods can be attributed to fundamental discrepancies. The pan results are based on atmospheric potential with crude average monthly coefficients while the TSM approach inherently incorporates plant physiology and actual moisture limitations. Indeed, both methods suffer from limitations. The pan coefficient is generic and does not account for regional variation in vegetation phenology or other local influences such as soil texture and fertility. Similarly, the accuracy of the soil moisture method proposed in this study depends on the number of sensors used in monitoring total moisture in the soil column. Table 1 . Pan coefficients used to obtain pasture evapotranspiration for different months. 
Development of root water uptake model
The preceding sections described a novel data collection approach that can be used to measure ET (and other water budget components). The measured values can be subsequently used to develop modeling parameters or validate modeling results for areas which are similar to the study site in terms of climatic and land-cover conditions. The next step is the development of a generic modeling framework to accurately determine ET.
Transpiration by its very nature is a process that is primarily based on plant physiology and the better one can determine root water uptake the more accurate will be the estimation of actual transpiration and, therefore ET. Traditionally used models and concepts, however, make over simplifying assumptions about plants ), hence casting doubt on the model results. What needs to be done is to try and combine land cover characteristics in the root water uptake models to produce more reliable results. With this intent in mind, recently, a new branch of study called "Eco-Hydrology" has been initiated. The aim of ecohydrology is to encourage the interdisciplinary work on ecology and hydrology with an objective of improving hydrological modeling capabilities. Soil moisture datasets (as described in Section 2) can be used to provide insight into the process of root water uptake which can then be combined with plant characteristics to develop a more physically based ET model. The next sections describe how the soil moisture dataset has been used by the authors to estimate vertical distribution of root-water uptake for two land-cover classes (shallow rooted and deep rooted) and how the results were then used to develop a land-cover based modeling framework.
Traditional root water uptake models
The governing equation for soil moisture dynamics in the unsaturated soil zone is the Richards's equation (Richards 1931 
where ρ W is the density of water and g is the acceleration due to gravity. The flow of water always occurs along decreasing head. In soil physics the fundamental equation used to model the flow of water along a head gradient is known as Darcy Law (Hillel 1998) . Mathematically the equation can be written as
where q [L 3 L -2 T -1 ] is known as the specific discharge and is defined as the flow per unit cross-sectional area, K[LT -1 ] is termed as the hydraulic conductivity, which indicates ease of flow, ∆h [L] is the head difference between the points of interest and l [L] is the distance between them. Darcy's Law is analogous to Ohm's law with head gradient being analogous to the potential difference and current being analogous to specific discharge and hydraulic conductivity being similar to the conductance of a wire. The second component of Richards's equation is the continuity equation. Continuity equation is based on the law of mass conservation, and for any given volume it states that net increase in storage in the given volume is inflow minus sum of outflow and any sink present in the volume of soil. Mathematically, it is this sink term that allows the modeling of water extracted from the given volume of soil. In one dimension for flow occurring in the vertical direction (z axis is positive downwards) Richards's equation can be written as
where θ is the water content, defined as the ratio of volume of water present and total volume of the soil element , t is time, S represents the sink term while other terms are as defined before. Simunek et al. (2005) . While much literature and field data exist describing the soil moisture retention curves, relatively less information exists about root water uptake models. The root water uptake models generally used, especially, on a watershed scale, are mostly empirical and lack any field verification.
The most common approach used to model root water uptake is to define a sink term S as a function of hydraulic head using the following equation
where S(h)[L 3 L -3 T -1 ] is the actual root water uptake (RWU) from roots subjected to hydraulic or capillary pressure head 'h'. On the right hand side of the equation S p [L 3 L -3 T -1 ] is the maximum (also known as potential) uptake of water by the roots. The α(h) is a root water uptake stress response function, with its values varying between 0 and 1. The idea behind conceptualization of Equation 9 is based on three basic assumptions. The first assumption being , as the soil becomes dryer the amount of water that can be extracted will decrease proportionally. Secondly, the amount of water extracted by the roots is affected by the ambient climatic conditions. Drier and hotter conditions result in more water loss from surface of leaves, hence, initiating more water extraction from the soil. The third and final assumption is that the uptake of water from a particular section of a root is directly proportional to the amount of roots present in that section. The root water stress response function () is a result of the first assumption. Two models commonly used to define  are the Feddes model (Feddes et al. 1978) and the van Genuchten model (van Genuchten 1987) . Figure 7 (a and b, respectively) show the variation of  with decreasing hydraulic head which is same as decreasing water content or increasing soil dryness. Both models for α are empirical and do not involve any plant physiology to define the thresholds for the water stress response function. An interesting contrast, due to empiricism that is clearly evident is the value of α during saturated conditions. While the Feddes model predict the value of α to decrease to zero van Genuchten model predicts totally opposite with α rising to become unity under saturated conditions. Fig. 7 . Water stress response function as given conceptualized by (a) Feddes et al. 1978 and (b) van Genuchten (1980) [Adapted from Simunek et al. 2005] .
Recently couple of different models (Li et al. 2001 , Li et al. 2006 ) have been presented to overcome the empiricism in . However these models are more a result of observation fitting and fail to bring in the plant physiology, which is what causes the changes in the water uptake rate due variation in soil moisture conditions. Combining the second and the third assumptions in Equation 9 results in the definition of S p . S p for any section of roots is defined as the product of root fraction in that section and the maximum possible water loss by the plant which is also known as the potential evapotranspiration. Potential evapotranspiration is a function of ambient atmospheric conditions and standard models like Penman-Monteith (Allen et al. 1998 ) are used to calculate the potential evapotranspiration rate. The problem with this definition of Sp is that for any given value of potential evapotranspiration, limiting the value of root water uptake by the root-fraction restrict the amount of water that can be extracted from a particular section. In other words, the amount of water extracted by a particular section of root is directly proportional to the amount of roots present and ignores the amount of ambient soil moisture present. This as will discussed later using field data is a significant limitation especially during dry period when the top soil with maximum roots get dry while the deep soil layer with lesser root mass still have soil moisture available for extraction.
Use of soil moisture data to estimate root water uptake
For the current analysis, the soil moisture data as described in Section 2 are used. Soil moisture and water-table data from well locations PS-43 and PS-40 were used to determine root water uptake from forested versus grassed land cover. The well PS-43 is referred to as Site A while PS-40 will be called Site B. Hourly averaged data at four hour time step were used for the analysis. Extensive soil investigations including in-situ and laboratory analysis were performed for the study site. The soil in the study area is primarily sandy marine sediments with high permeability in the surface and subsurface layers. Detailed information about soil and site characteristics can be found in Said et al. (2005) , and Trout and Ross (2004 
where m = 1 -1/n for n > 1, S e [-] is the normalized water content, varying between 0 and 1. θ is the observed water content, while θ r and θ s are the residual and saturated water content values respectively K S [LT -1 ] is the hydraulic conductivity when the soil matrix is saturated, l [-] is the pore connectivity parameter assumed to be 0.5 as an average for most soils (Mualem, 1976) , and [L -1 ], n[-] and m [-] are the van Genuchten empirical parameters.
Negative values of hydraulic head (suction head) indicate the water content in the soil matrix is less than saturated while the positive value indicate saturated conditions. From the Equations 11 and 12, it is clear that for each type of soil five parameters, namely, K S , n,, θ r and θ s have to be determined to uniquely define relationship of hydraulic conductivity and water content with soil suction head. Figure 8 shows the schematics of the vertical soil column which is monitored using eight soil moisture sensors and a pressure transducer measuring the water table elevation, at each of the two locations. Shown also in Figure 8 is the zone of influence of each sensor along with the elevation of water table and arrows showing possible flow directions. For the purpose of defining moisture retention and hydraulic conductivity curves, each section is treated as a different soil layer and independently parameterized. Hence, for each of the two locations for this particular study eight soil cores from depths corresponding to the zone of influence of each sensor were taken and analyzed (see Shah, 2007 for more details). Once the soil parameterization is complete root water uptake from each section can be calculated. For any given soil layer in the vertical soil column (Figure 8) Figure 9 shows a typical flow layer with inflow and outflow marked. Now using simple mass balance changes in water content at two consecutive time steps can be attributed to net inflow minus the root water uptake (assuming no other sink is present). Equation 6.9 can hence be used to determine root water uptake from any given soil layer
Using the described methodology one can determine the root water uptake from each soil layer at both study locations (site A and site B).Time step for calculation of the root water uptake was set as four hours and the root water uptake values obtained were summed up to get a daily value for each soil layer. Using the above methodology root water uptake was calculated from each section of roots for tree and grass land cover from January to December 2003 at a daily time step. Figure 10 (a and b) shows the variation of root water uptake for a representative period from May 1 st to May 15 th 2003, This particular period was selected as the conditions were dry and their was no rainfall. Graphs in Figure 10 (a and b) show the root water uptake variation from www.intechopen.com section corresponding to each section. Also plotted on the graphs is the normalized water content, which also gives an indication, of water lost from the section. Figure 10 (a and b) it can be seen that in both the cases of grass and forest the root water uptake varies with water content and as the top layers starts to get dry, the water uptake from the lower layer increases so as to keep the root water uptake constant clearly indicating that the compensation do take place and hence the models need to account for it. Another important point to note is that in Figure 10 (a) root water uptake from top three sensors is accounts for the almost all the water uptake while in Figure 10 (b) the contribution from fourth and fifth sensor is also significant. Also, as will be shown later, in case of forested land cover, root water uptake is observed from the sections that are even deeper than 70 cm below land surface. This is expected owing to the differences in the root system of both land cover types. While grasses have shallow roots, forest trees tend to put their roots deeper into the soil to meet their high water consumptive use. Figure 10(c and d) show the values of PET plotted along with the observed values of root water uptake. On comparing the grass versus forested graphs it is evident while the grass is still evapotranspiring at values close to PET root water uptake from forested land covers is occurring at less than potential. This behavior can be explained by the fact that water content in the grassed region (as shown by the normalized water content graph, Se) is greater than that of the forest and even though the 70 cm sensor shows significant contribution the uptake is still not sufficient to meet the potential demand. Figure 11 shows an interesting scenario when a rainfall event occurs right after a long dry stretch that caused the upper soil layers to dry out. Figure 11(a) shows the root water uptake profile on 5/18/2003 for forested land cover with maximum water being taken from section of soil profile corresponding to 70 cm below the land surface. A rainfall event of 1inch took place on 5/19/2003. As can be clearly seen in Figure 11 (b) the maximum water uptake shifts right back up to 10 cm below the land surface, clearly showing that the ambient water content directly and quickly affects the root water uptake distribution. Figure 11 (c) which shows the snapshot on 5/20/2003 a day after the rainfall where the root water uptake starts redistributing and shifting toward deeper wetter layers. In fact this behavior was observed for all the data analyzed for the period of record for both the grass and forested land covers. With roots taking water from deeper wetter layers and as soon as the shallower layer becomes wet the uptakes shifts to the top layers. Figure 12 (a and b) show a long duration of record spanning 2 months (starting October to end November), with the whiter shade indicating higher root water uptake. From both the figures it is evident that water uptake significantly shifts in lieu of drier soil layers especially in case of forest land cover ( Figure  12(b) ), while in case of grass uptake is primarily concentrated in the top layers. As a quick summary the results indicate that a. Assuming RWU as directly proportional to root density may not be a good approximation. b. Plants adjust to seek out water over the root zone c. In case of wet conditions preferential RWU from upper soil horizons may take place d. In case of low ET demands the distribution on ET was found to be occurring as per the root distribution, assuming an exponential root distribution Hence, traditionally used models are not adequate, to model this behavior. Changes in regard to the modeling techniques as well as conceptualizations, hence, need to occur. Plant physiology is one area that needs to be looked into to see what plant properties affect the water uptake and how can they be modeled mathematically. The next section discusses a modeling framework based on plant root characteristics which can be employed to model the aforesaid observations.
Incorporation of plant physiology in modeling root water uptake
Any framework to model root water uptake dynamically, will have to explicitly account for all the four points listed above. The dynamic model should be able to adjust the uptake pattern based on root density as well as available water across the root zone. The model should use physically based parameters so as to remove empiricism from the formulation of the equations. For a given distribution of water content along the root zone (observed or modeled) knowledge of root distribution as well as hydraulic characteristics of roots is hence essential to develop a physically based root water uptake model. The following two sections will describe how root distributions can be modeled as well as how do roots need to be characterized to model uptake from root's perspective. www.intechopen.com Schenk and Jackson (2002) expanded an earlier work of Jackson et al. (1996) to develop a global root database having 475 observed root profiles from different geographic regions of the world. It was found that by varying parameter values the root distribution model given by Gale and Grigal (1987) can be used with sufficient accuracy to describe the observed root distributions. Equation 14 describes the root distribution model.
Root distribution
where Y is the cumulative fraction of roots from the surface to depth d, and  is a numerical index of rooting distribution which depends on vegetation type. Figure 13 shows the observed distribution (shown by data points) versus the fitted distribution using Equation 14 for different vegetation types. The figure clearly indicates the goodness of fit of the above model. Hence, for a given type of vegetation a suitable  can be used to describe the root distribution. 
Hydraulic characterization of roots
Hydraulically, soil and xylem are similar as they both show a decrease in hydraulic conductivity with reduction in soil moisture (increase in soil suction). For xylem the relationship between hydraulic conductivity and soil suction pressure is called 'vulnerability curve' (Sperry et al. 2003 ) (see Figure 14) . The curves are drawn as a percentage loss in conductivity rather than absolute value of conductivity due to the ease of determination of former. Tyree et al (1994) and Hacke et al (2000) have described methods for determination of vulnerability curves for different types of vegetation. Commonly, the stems and/or root segments are spun to generate negative xylem pressure (as a result of centrifugal force) which results in loss of hydraulic conductivity due to air seeding into the xylem vessels (Pammenter and Willigen 1998) . This loss of hydraulic conductivity is plotted against the xylem pressure to get the desired vulnerability curve.
Fig. 14. Vulnerability curves for various species. [Adapted from Tyree, 1999] For different plant species the vulnerability curve follows an S-Shape function, see Figure 14 (Tyree 1999) . In Figure 14 , y-axis is percentage loss of hydraulic conductivity induced by the xylem pressure potential Px, shown on the x-axis. C= Ceanothus megacarpus, J = Juniperus virginiana, R = Rhizphora mangel, A = Acer saccharum, T= Thuja occidentalis, P = Populus deltoids. Pammenter and Willigen (1998) where PLC denotes the percentage loss of conductivity P 50PLC denotes the negative pressure causing 50% loss in the hydraulic conductivity of xylems, P represents the negative pressure and a is a plant based parameter. Figure 15 shows the model plotted against the data points for different plants. Oliveras et al. (2003) and references cited therein have parameterize the model for different type of pine and oak trees and found the model to be successful in modeling the vulnerability characteristics of xylem. Fig. 15 . Observed values and fitted vulnerability curve for roots and stem sections of different Eucylaptus trees. [Adapted from Pammenter and Willigen, 1998 ].
The knowledge of hydraulic conductivity loss can be used analogous to the water stress response function α (Equation 9) by scaling PLC from 0 to 1 and converting the suction pressure to water head. The advantage of using vulnerability curves instead of Feddes or van Genuchten model is that vulnerability curves are based on xylem hydraulics and hence can be physically characterized for each plant species.
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Development of a physically based root water uptake model
The current model development is based on model conceptualization proposed by Jarvis (1989) however the parameters for the current model are physically defined and include plant physiological characteristics. For a given land cover type Equation 14 and 15 can be parameterize to determine the root fraction for any given segment in root zone and percentage loss of conductivity for a given soil suction pressure. For consistency of representation percentage loss of conductivity will be hence forth represented by α (scaled between 0 and 1 similar to Equation 9) and will be called stress index.
For any section of root zone, for example i th section, root fraction can be written as R i and stress index, determined from vulnerability curve and ambient soil moisture condition, can be written as α i . Average stress level  over the root zone can be defined as the
where n represents the number of soil layers and the other symbols are as previously defined. Thus, as can be seen from Equation 16 the average stress level  combines the effect of both the root distribution and the available water content (via vulnerability curve).
As shown in Figure 12 (b) if there is available moisture in the root zone, plant can transpire at potential by increasing the uptake from the lower wetter section of the roots. In terms of modeling it can be conceptualized that above a certain critical average stress level ( C  )
plants can transpire at potential and below C  the value of total evapotranspiration decreases. The decrease in the ET value can be modeled linearly as shown by Li et al (2001) . The graph of average stress level versus ET (expresses as a ratio with potential ET rate) can hence be plotted as shown in Figure 16 . In Figure 16 , ET a is the actual ET out of the soil column while ET p is the potential value of ET. Figure 16 can be used to determine the value of actual ET for any given average stress level. Once the actu al ET valu e is known, the contribu tion from individu al sections can be modeled depending on the weighted stress index using the relationship defined by 
where S i defined as the water uptake from the i th section, ∆Zi is the depth of i th section and other symbols are as previously defined Jarvis (1989) used empirical values to simulate the behavior of the above function and Figure 17 shows the result of root water uptake obtained from his simulation. The values next to each curve in Figure 17 represent the day after the start of simulation and actual ET rate as expressed in mm/day. On comparison with Figure 12 , the model successfully reproduced the shift in root water uptake pattern with the uptake being close to potential value (ET P = 5.0 mm/d) for about a month from the start of simulation. The decline in ET rate occurred long after the start of the simulation in accordance with the observed values. The model was successful not only in simulating peak but also in the observed magnitude of the root water uptake.
From the above analysis it can be concluded that the root water uptake is just not directly proportional to the distribution of the roots but also depends on the ambient water content. Under dry conditions roots can easily take water from deeper wetter soil layers. www.intechopen.com
The methodology described here involves initial laboratory analyses to determine the hydraulic characteristics of the plant. However, once a particular plant specie is characterized then the parameters can be use for that specie elsewhere under similar conditions. The approach shows that eco-hydrological framework has great potential for improving predictive hydrological modeling.
Conclusion
The chapter described a method of data collection for soil moisture and water table that can be used for estimation of evapotranspiration. Also described in the chapter is the use of vertical soil moisture measurements to compute the root water uptake in the vadose zone and use that uptake to validate a root water uptake model based on plant physiology based root water uptake model. As evaporation takes place primarily from the first few centimeters (under normal conditions) of the soil profile and the biggest component of the ET is the root water uptake. Hence to improve our estimates of ET, which constitutes ~70% of the rainfall, the estimation and modeling of root water uptake needs to be improved. Ecohydrology provides one such avenue where plant physiology can be incorporated to better represent the water loss. Also, hydrological model incorporating plant physiology can be modified easily in future to be used to predict land-cover changes due to changes in rainfall pattern or other climatic variables.
